(Received December 27, 1971) Chloroethylthiamine (I) is a new strong coccidiostat against a coccidium, Eimeria ten ella, which is parasitic on the chick cecum (1) . Chloroethylthiamine is administered to chicks as a feed additive in a concentration of 0.004 to 0.125%, usually as naphthalene-1, 5-disulfonate salt which is stable and hardly soluble in water.
The present series of investigation have been carried out to determine the fate of chloroethylthiamine in chicks after oral admi nistration and to study the mode of action as an anticoccidiostat. In the present paper, the absorption of chloroethylthiamine from chick intestine was studied by means of ligated loop technique and active transport of thiamine and a competitive inhibition on the transport by chloroethylthiamine were elucidated.
EXPERIMENTAL
Male white leghorn chicks weighing about 400 to 500g were used. An incision was made on the right ventral side after ether anesthesia. A ligated intestinal loop of 12cm long was prepared from the duodenum and the upper, middle and lower part of the small intestine, as described by Polin, ct al. (2) . Two cecal loops of 5 to 7cm long were also prepared.
Chloroethylthiamine or thiamine was dissolv ed in 0.1M phosphate buffer of pH 6.0 and 1 ml of the solution was injected into the loop from a syringe. Into a cecal loop, 0.5ml of the solution was injected. The abdominal incision was sutured and the chick returned to a cage. After a given time, usually 30min, chicks were again anesthetized with ether and the loop was immediately removed with both ligatures in place. The lumen of the loop was washed five times with 1ml portion of 0.9% NaCI solution and the combined solution was assayed for the residual amount in the lumen. The tissue was homogenized with 5ml of 15% trichloroacetic acid in Potter-Elveh jem glass homogenizer. After centrifugation, the precipitates were extracted again with 5ml trichloroacetic acid and the combined extracts were assayed for the amount retained in the tissue. The absorption into blood was defined as the difference between the amount injected into the loop and the amount recovered as residual thiamine in the lumen plus that as retained thiamine in the tissue. Chloroethylthiamine was assayed by the thio chrome method in the same way as for thiamine (3) . For the calibration, a series of standard solution of pure chloroethylthiamine was used.
For the experiments to determine the interference of thiamine absorption, 35S-thiamine ( 
RESULTS

Absorption of Chloroethyithiumine from Chick Intestine
The absorption of chloroethylthiamine from different sections of the intestine was compared at 30min after injection of the test dose 8mg. The results ( Table 1 , Fig. 1 ) revealed that chloroethylthiamine is absorbed easily from the intestine, with the highest rate from the duo denum. In the small intestine, absorption from the lower part appears to be appreciably higher than the upper part, while absorption from the cecum was extremely low. The tissue uptake can be regarded as indicating an extent of accumulation of the drug and was found to be higher in the small intestine than in the duo denum. The cecal tissue took up chloroethyl thiamine to an appreciable extent, in contrast to an extremely low absorption into blood. The dose-absorption relationship was exa mined for chloroethylthiamine and thiamine with the loops from the duodenum and the middle small intestine.
As shown in Fig. 2 , both compounds revealed an absorption which is linear to the amount of dose up to about 20 mg per loop, while thereafter the curves pla teaued.
I t is suggested, therefore, that the absorption is proceeded for both compounds by a passive diffusion mechanism at least for a dose between 0.5 and 15mg per loop.
A comparison of the absorption of chloro ethylthiamine with that of thiamine (Table 2) indicated that chloroethylthiamine is absorbed from chick intestine somewhat more easily than thiamine.
It can be also noted that chloro ethylthiamine has a larger tendency of being One ml solution of 8.0mg thiamine or chloro ethylthiamine was injected into the lumen of the ligated loop and thiamine in the lumen and tissue were determined after 30min.
Each value represents the average from 3 experiments.
retained in the tissue than thiamine, particularly in the small intestine.
The fact that chloro ethylthiamine is absorbed more easily than thia mine is in accordance with the passive transport mechanism, since the former is considered to be more lipid soluble than the latter.
Interference with Thiamine Absorption by (2hloroethylthiamine Absorption of 1mg 35S-thiamine from chick ligated duodenal loop was examined in the presence of various amount of chloroethylthiamine. As shown in Table 3 , the ab sorption of thiamine was found to be decreased appre ciably in the presence of four times amount of chloro ethylthiamine to that of thia mine and an inhibition of approximately 50% was observed in the presence of 15 times chloroethylthiamine. Statistically, the latter inhibi tion was significant with P value less than 0.1.
Interference with Chlo roethylthiamine Absorption by Thiamine
The effect of thiamine on the absorption of 35S -chloroethylthiamine was also examined in the duodenal   44   SHINDO  AND KOMAI  1972   TABLE 3  Interference with thiamine absorption from chick intestine by chloroethylthiamine a Molar ratio of chloroethylthiamine to thiamine.
One ml solution of 1.0mg 35S-thiamine containing a various amount of chloroethylthiamine was injected into the lumen of the ligated duodenal loop and the radioactivity in the lumen and the tissue was determined after 30min.
TABLE 4
Interference with chloroethylthiaminc absorp tion front chick intestine by thiamine a Molar ratio of thiamine to chloroethylthiamine.
One ml solution of 1.0mg 35S-chloroethylthiamine containing a various amount of thiamine was injected into the lumen of the ligated duodenal loop and the radioactivity in the lumen and the tissue was determined after 30min. Number of experiment is 1.
loop and was found to be less prominent than that of chloroethylthiamine, as shown in Table  4 . Approximately 30% inhibition was observed in the presence of 17 times amount of thiamine to that of chloroethylthiamine.
Absorption of Thiamine in a Low Dose and the Interference by Chloroethylthiamine Polin et al. (4) reported an inhibitory effect of Amprolium on thiamine absorption from chick duodenal loop and suggested that Amprolium and thiamine are both absorbed from the duodenum by an active transport mechanism. Their consideration was, however, based on the experiments using a relatively high concentration of thiamine, more than 2 system which is a comparable degree to that of pyrithiamine seems to be very important with respect to the mechanism of action of chloro ethylthiamine against coccidium. Thiamine re quirement of coccidium, Eimeria tenella, has been well established (9) and, provided that an active transport system is present in the nutri tional system of the coccidium, it might be possible to assume that chloroethylthiamine acts on the coccidium as a strong inhibitor against their thiamine uptake from the host cecal cells. In this respect, it would be of importance to note that a considerable amount of chloroethyl thiamine was taken up by the cecal tissue and retained there to the same extent as that in the small intestinal tissue, in spite of the fact that the absorption from the cecal lumen into the blood stream was extremely low.
A pathway of arrival of orally administered chlo roethylthiamine to the cecal tissue will be described in the subsequent paper (10) .
